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DESCRIPTION 

LED MOUNTING MODULE, LED MODULE, MANUFACTURING METHOD OF LED 
MOUNTING MODULE, AND MANUFACTURING- METHOD OF LED MODULE 

TECHNICAL FIELD 

The present invention relates to an LED mounting module, 
an LED module, a manufacturing method of an LED mounting module, 
and a manufacturing method of an LED module. An LED mounting 
module includes a substrate and a reflecting member made of 
a resin. On one of main surfaces of the substrate, an LED device 
is to be mounted. The reflecting member has therein a reflecting 
hole provided in correspondence with a location, on the main 
surface of the substrate, where the LED device is to be mounted. 

BACKGROUND ART 

In recent years, light emitting diodes (hereinafter 
referred to as LEDs) attract attention as a next-generation 
light source for lighting apparatuses. There is a demand for 
developing energy-saving lighting apparatuses using LEDs , since 
LEDs have a higher efficiency and a longer lifetime than 
incandescent and halogen lamps. In particular, with their small 
size, LEDs are expected to realize small-sized lighting 
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, apparatuses . 

To use LEDs for lighting apparatuses, a plurality of LED 
baxe chips (hereinafter referred to as LED devices) are mounted 
on a substrate, thereby forming an LED module, for example . 

Here, a reflecting board is provided so as to surround 
each of the LED devices to improve light extraction efficiency 
of such an LED module. The reflecting board can collect light 
from the LED devices. Such a reflecting board can be provided 
as follows, for example. According to Japanese patent 
application publication No. 2003-124528 (patent document 1), 
LED devices are mounted on a substrate, and a reflecting board 
made of aluminum, a resin or the like is then adhered to the 
substrate. Here, a phosphor formed by phosphor powders and a 
resin may be provided so as to enclose each LED device therein, 
before the reflecting board is adhered. 

Furthermore, Japanese patent application publication No . 
Hll-163412 (patent document 2) discloses a technique of forming 
depressions in a substrate, so that part of the substrate 
functions as a reflecting board. 

An LED module according to the patent document 1 has the 
following drawback. An adhesive layer adhering the substrate 
and the reflecting board absorbs light emitted toward the 
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adhesive layer, out of light emitted by the LED device. In the 
worst case, the adhesive layer absorbs around 10% of the entire 
amount of light. This significantly lowers light extraction 
efficiency. 

5 An LED module according to the patent document 2 does not 

have such a drawback that an adhesive layer absorbs light, since 
the substrate has a reflecting surface formed therein. However, 
this LED module has a problem of high cost. In detail, a wiring 
pattern needs to be formed on an uneven surface, due to the 
10 reflecting surface formed in the substrate. This can not be 
done by a common patterning method. 

DISCLOSURE OF THE INVENTION 

In light of the above problems, an objective of the present 

15 invention is to provide an LED mounting module and an LED module 
which can achieve favorable light extrraction efficiency without 
increasing a cost, and a manufacturing method of such an LED 
mounting module and a manufacturing method of such an LED module . 

The above obj ective is achieved by an LED mounting module, 

20 comprising: a substrate; and a reflecting member made of a resin 
material and having a reflecting hole in a position corresponding 
to an LED device which is to be mounted on one of main surfaces 
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of the substrate. Here^ the substrate and the reflecting member 
are directly adhered to each other in such a state that the 
main surface of the substrate is in contact with one of main 
surfaces- of the reflecting member. 
5 Since the substrate and reflecting member are directly 

adhered to each other in a state that the main surfaces of the 
substrate and the reflecting member are in contact, nothing 
is provided between the substrate and the reflecting member 
(Strictly speaking, minute voids and the like may be found.) . 

10 In addition, the substrate and reflecting member are adhered 
to each other without using an adhesive layer or the like. In 
other words, the substrate and reflecting member are adhered 
bymakinguseof the resinmaterial forming the reflectingmember. 

According to this construction, the reflecting member and 

15 the substrate are directly adhered to each other, without an 
adhesive layer used in conventional LED mounting modules. 
Therefore, light emitted from an LED device is not to be absorbed 
by an adhesive layer, thereby preventing a dirop in light 
extraction efficiency. Furthermore, the LED mounting module 

20 can be manufactured at a lower cost, than conventional LED 
mounting modules including, an adhesive layer. 

Here, the substrate includes an insulation board made of 

4 
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a resin material^ and a wiring pattern on one of main surfaces 
of the insulation board;, and the resin material forming the 
insulation board contains a same resin as the resin material 
forming the reflecting member. Here, the resin material may 
be a thermosetting resin material or thermoplastic resin 
material . 

According to this construction, since the resin material 
forming the insulation board principally contains the same resin 
as the resin material forming the reflecting member, the 
insulation board and the reflecting member can be strongly 
adhered to each other, and have substantially the same linear 
expansion coefficient . 

Here, the resin material forming the reflecting member 
is a thermosetting resin material principally containing an 
epoxy resin, which is compatible with materials forming other 
constituents of the LED mounting module, and can be easily handled. 
Alternatively, the resin material forming the reflecting member 
is a thermoplastic resin material principally containing a resin 
selected from a group consisting of a polyphthalamide resin, 
a liquid crystal polymer, a polyphenylene sulfide resin, and 
a polybutylene terephthalate resin. The resin material forming 
the reflecting member contains one or more fillers to improve 
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reflection efficiency. 

Here, the fillers include at least one of Ti02/ Si02, A]_203, 
and BaS04, and the resin material forming the insulation board 
contains at least one of AI2O3, AIN, SiOa, and SiC. 
5 Here, a metal board is provided on the other main surface 

of the substrate. The resin material forming the insulation 
board is a composite material containing an inorganic filler 
and a thermosetting resin material. Alternatively, the resin 
material forming the insulation board is a thermosetting resin 
10 material containing a glass fiber. 

Here, a depression is formed in a part of the substrate 
at which the reflecting member is adhered, and the depression 
is filled with the resin material forming the reflecting memtoer . 
Furthermore, the LED device is one of a plurality of LED devices 
15 that are to be mounted on the main surface of the substrate, 
and the reflecting hole is one of a plurality of reflecting 
holes formed in the reflecting member in correspondence with 
the plurality of LED devices. 

Furthermore, the substrate includes an insulation board 
20 made of a ceramic material, and a wiring pattern on one of inain 
surfaces of the insulation board. 

Here, the ceramic material contains at least one of AI2O3, 
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AIN, Si02, and SiC. 

The above objective is also achieved by an LED module 
constituted by this LED mounting module and an LED device mounted 
on the LED mounting module. The LED device can be directly or 
indirectly (using a sub-mounting device) mounted on the LED 
mounting module. 

According to this construction, the reflecting member 
and the substrate are directly adhered to each other. This can 
enhance the extraction efficiency. of light emitted by the LED 
device mounted on the LED mounting module. 

The above objective is also achieved by a manufacturing 
method of an LED mounting module including a substrate and a 
reflecting member having a reflecting hole in a position 
corresponding to an LED device which is to be mounted on one 
of main ^surfaces of the substrate. This manufacturing method 
includes a formation step of forming a half-cured reflecting 
member formed by a resin material in B stage; and a connection 
step of placing the half-cured reflecting member on the main 
surface of the substrate, and completely curing the resin 
material in B stage while the main surface of the substrate 
is in contact with a main surface of the half-cured reflecting 
member which faces the substrate, thereby forming the reflecting 
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member, which is directly adhered to the substrate. 

Here, a resin material in "'B stage" is adhesive because 
the viscosity of the resin material has been lowered by heating. 
The resin material in ^^B stage" is completely cured by further 
5 heating. 

According to this manufacturing method, the reflecting 
member is formed and directly adhered to the substrate by 
completely curing the resin material in B stage forming the 
half-cured reflecting member. This indicates that a step of 

10 adhering the reflecting member and the substrate is not 

separately required, differently from the prior art . Therefore, 
the LED mounting module can achieve improved extraction 
efficiency of light emitted by an LED device which is to be 
mounted, without increasing a cost. 

15 He're, the reflecting member is made of a thermosetting 

resin material, and in the connection step, the substrate and 
the half-cured reflecting member are heated and applied with 
pressure while the main surface of the substrate is in contact 
with the main surface of th^ half -cured reflecting member. 

20 The above objective is also achieved by a manufacturing 

method of an LED module. This manufacturing method includes 
a manufacturing step of manufacturing an LED mounting module. 
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based on the manufacturing method described above; a mounting 
step of mounting the LED device at a predetermined location 
on the manufactured LED mounting module; and a covering step 
of covering the mounted LED device with a resin material 
containing a phosphor powder. 

According to this manufacturing method, the reflecting 
member is formed and directly adhered to the substrate by 
completely curing the resin material in B stage forming the 
half-cured reflecting member. This indicates that a step of 
adhering the reflecting member and the substrate is not 
separately required, differently from the prior art . Therefore, 
the LED module can achieve improved extraction efficiency of 
light emitted by an LED device, without increasing a cost. 

The above objective is also achieved by a manufacturing 
method of an LED mounting module. This manufacturing method 
includes a substrate formation step of forming a substrate; 
and a reflecting member formation step of forming a reflecting 
member on one of main surfaces of the substrate, the reflecting 
member being made of a resin material and having a through hole 
in a position corresponding to an LED device which is to be 
mounted on the main surface of the substrate. Here, in the 
reflecting member formation step, the reflecting member is 
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formed in such a manner that a molding member is placed on the 
main surface of the substrate, a liquid resinmaterial is in j ected 
into a space def inedbetween the molding member and the substrate, 
and the resin material in the space is cured. 

According to this manufacturing method, the reflecting 
member is formed in such a manner that the molding member is 
placed on the main surface of the substrate, a liquid resin 
material is injected into a space defined between the molding 
member and the substrate, and the resin material in the space 
is cured. This indicates that a step of adhering the reflecting 
member and the substrate is not separately required, differently 
f rom the prior art . Therefore, the LEDmounting module can achieve 
improved extraction efficiency of light emitted by an LED device 
which is to be mounted, without increasing a cost. 

Here, a wiring pattern is formed on the main surface of 
the substrate, the molding member is formed like a box, and 
has a protrusion formed on a base in a position corresponding 
to the LED device which is to be mounted on the main surface 
of the substrate, when the molding member is placed on the 
substrate, a top part of the protrusion faces toward the wiring 
pattern, a depression is formed in correspondence with the wiring 
pattern, in the top part of the protrusion, a width of the 

10 



wo 2005/093862 



PCT/JP2005/005603 



depression is larger than a width of the wiring pattern^ by 
1 pm to 20 ]xr(Xr and a portion of the depression, which corresponds 
to a portion of the wiring pattern on which the LED device is 
to be mounted, has a depth larger than a thickness of the wiring 
5 pattern. 

Here, the liquid resin material is injected under reduced 
pressure, and in the reflecting member formation step, after 
the resin material in the space is cured, a surface of the cured 
resin material which faces away from the substrate is flattened, 

10 and flash is removed by spraying' particles against the flash. 

The above objective is also achieved by a manufacturing 
method of an LED module. This manufacturing method includes 
a mounting step of mounting an LED device on one of main surfaces 
of a substrate; and a reflecting member formation step of forming 

15 a reflecting member on the main surface of the substrate on 
which the LED device has been mounted, the reflecting member 
being made of a resin material and having a through hole in 
a position corresponding to the LED device. Here, in the 
reflecting member formation' step, the reflecting member is 

20 formed in such a manner that a molding member is placed on the 
main su>rf ace of the substrate, a liquid resinmaterial is injected 
into a space def inedbetween the molding member and the substrate, 

11 
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and the resin material in the space is cured. 

According to this manufacturing method, the reflecting 
member is formed in such a manner that the molding member is 
placed on the main surface of the substrate, a liquid resin 
material is injected into a space defined between the molding 
member and the substrate, and the resin material in the space 
is cured. This indicates that a step of adhering the reflecting 
member and the substrate is not separately required, differently 
f rom the prior art . Therefore, the LEDmodule can achieve improved 
extraction efficiency of light emitted by an LED device, without 
increasing a cost. 

Here, a wiring pattern is formed on the main surface of 
the substrate, the molding member is formed like a box, and 
has a protrusion formed on a base in a position corresponding 
to the LED device mounted on the main surface of the substrate, 
when the molding member is placed on the substrate, a top part 
of the protrusion faces toward the wiring pattern, a depression 
corresponding to the wiring pattern and a depression 
corresponding to the LED device are formed in the top part of 
the protrusion, and a width of the depression corresponding 
to the wiring pattern is larger than a width of the wiring pattern, 
by 1 lam to 20 pm. 

12 
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Here, the liquid resin material is in j ected under reduced 
pressure, and in the reflecting member formation step, after 
the resin material in the space is cured, a surface of the cured 
resin material which faces away from the substrate is flattened, 
and flash is removed by spraying particles against the flash . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an overall view illustrating a lighting apparatus 
relating to a first embodiment of the present invention. 

Fig. 2 is a perspective view illustrating an LED module 
relating to the first embodiment. 

Fig. 3A is an enlarged cross-sectional view illustrating 
a part of the LED module in which an LED device is mounted, 
and Fig. 3B is an enlarged plan view illustrating the part of 
the LED 'module without a lens board. 

Fig. 4 is a perspective view illustrating an LED mounting 
module relating to the first embodiment. 

Fig. 5A is an enlarged cross-sectional view illustrating 
a part of the LED mounting module in which an LED device is 
to be mounted, and Fig. 58 is an enlarged plan view illustrating 
the part of the LED mounting module. 

Fig. 6 is used to explain a printed wiring board formation 

13 
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step. 

Fig. 7A is a plan view illustrating a itiold^ and Fig. 7B 
is a cross-sectional view illustrating the mold along a line 
AA shown -in Fig. 7A in a direction shown by the arrows. 

Fig. 8 is used to explain a half -cured reflecting board 
formation step. 

Fig. 9 is used to explain an LED mounting module formation 

step . 

Fig. 10 is used to explain an LED mounting step. 

Fig. 11 is used to explain a phosphor formation step. 

Fig. 12 is used to explain a lens board formation step. 

Fig. 13A is a cross-sectional view illustrating an LED 
module relating to a first modification example based on the 
first embodiment, and Fig. 13B is a cross-sectional view 
illustrating an LED module relating to a second modification 
example based on the first embodiment. 

Fig. 14A is a cross-sectional view illustrating an LED 
module relating to a third modification example based on the 
first embodiment, and Fig, 14B is a cross-sectional view 
illustrating an LED module relating to a fourth modification 
example based on the first embodiment. 

Fig. 15 is a schematic cross-sectional view illustrating 

14 
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an LED module relating to a second embodiment. 

Fig. 16 is used to explain a formation step of a printed 
wiring board relating to the second embodiment. 

Fig. 17A is a cross-sectional view illustrating an LED 
5 module relating to a fifth modification example based on the 
second embodiment, and Fig. 17B is a cross-sectional view 
illustrating an LED module relating to a sixth modification 
example based on the second embodiment. 

Fig. 18 is an exploded perspective view illustrating a 
10 mold used to form a half-cured reflecting board, in a seventh 
modification example. 

Fig. 19A is a cross-sectional view illustrating the mold 
used in the seventh modification example, and Fig. 19B is a 
plan view illustrating the mold with an upper part being removed . 
15 Fig . 2 0 is a perspective view illustrating an LED mounting 

module relating to an eighth modification example, which 
includes reflecting pieces instead of a reflecting board. 

Fig. 21A is a plan view illustrating a mold to form the 
reflecting pieces relating to the eighth modification example, 
20 and Fig. 21B is a cross-sectional view illustrating the mold 
along a line BE shown in Fig. 21A in a direction shown by the 
arrows . 
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Fig . 22 is a perspective view illustrating an LED mounting 
module relating to a ninth modification example, which includes 
reflecting pieces instead of a reflecting board. 

Fig, 23A is a plan view illustrating a mold to form the 
5 reflecting pieces relating to the ninth modification example, 
and Fig. 23B is a cross-sectional view illustrating the mold 
along a line CC shown in Fig. 23A in a direction shown by the 
arrows . 

Fig. 24 is a cross-sectional view illustrating an LED 
10 module relating to a tenth modification example, where an LED 
device is indirectly mounted. 

Fig. 25 is an exploded perspective view illustrating a 
mold used to form a reflecting board relating to a third 
embodiment . 

15 Fi'g. 26A is a plan view illustrating the mold used in the 

third embodiment, and Fig. 26B is a cross-sectional view 
illustrating the mold along a line DD shown in Fig. 26A in a 
direction shown by the arrows. 

Fig. 27 is used to explain a reflecting board formation 
20 step relating to the third embodiment. . 

Fig. 28 is a cross-sectional view illustrating depressions 
formed in a protrusion of the mold, when the mold is placed 
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on a printed wiring board. 

Fig. 29 is a plan view illustrating a protrusion of a mold 

used in an eleventh modification example. 

Fig. 30A is a cross-sectional view illustrating a mold 
5 relating to a twelfth modificat ion example and a printed wiring 

board during a step of forming a reflecting board, and Fig. 

30B is a cross-sectional view illustrating the mold and the 

printed wiring board along a line EE shown in Fig. 30A in a 

direction shown by the arrows . 
10 Fig . 31A illustrates a mold used to form a reflecting board 

relating to a fourth embodiment, showing a space to form the 

reflecting board, and Fig. 31B is a cross-sectional view 

illustrating the mold along a line FF shown in Fig. 31A in a 

direction shown by the arrows . 
15 Fi'g. 32 is used to explain a reflecting board formation 

step relating to the fourth embodiment. 

Fig. 33A is a cross-sectional view illustrating a mold 

and a printed wiring board, in such a state the mold is placed 

on the printed wiring board to form the reflecting board, and 
20 Fig. 33B is a cross-sectional view illustrating the mold and 

the ^printed wiring board along a line GG shown in Fig. 33A in 

a direction shown by the arrows. 
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Fig. 34A illustrates a mold relating to a thirteenth 
modification example and a printed wiring board in such a state 
that the mold is placed on the printed wiring board to form 
the reflecting board, with a part broken away to show an inner 
structure, and Fig. 34B illustrates the mold and the printed 
wiring board in a direction H shown by the arrow in Fig. 34A- 

Fig. 35 is a perspective view illustrating an LED mounting 
module relating to a fourteenth modification example. 

Fig. 36A is a perspective view illustrating a mold to form 
reflecting pieces relating to the fourteenth modification 
example, and Fig. 36B is a cross-sectional view illustrating 
the mold along a plane I shown in Fig. 36A in a direction shown 
by the arrows. 

Fig. 37 is used to explain a reflecting piece formation 
step in' the fourteenth modification example. 

Fig. 38 is a perspective view illustrating a printad wiring 
board on which preliminary reflecting pieces are formed. 

• Fig. 39 is a cross-sectional view illustrating a mold 
relating to a fifteenth modification example and a printed wiring 
board in such a state that the mold is placed on the printed 
wiring board. 
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BEST MODE FOR CARRYING OUT THE INVENTION 
<FIRST EMBODIMENT> 

The following describes a lighting apparatus relating to 
a first einbodiment of the present invention, an LED module and 
5 an LED mounting module used in the lighting apparatus, and a 
manufacturing method of the LED mounting module, with reference 
to the attached drawings. 
(1) LIGHTING APPARATUS 
1. CONSTRUCTION 

10 Fig. 1 is an overall view illustrating the lighting 

apparatus relating to the first embodiment. 

A lighting apparatus 10 is constituted by an LED module 
100, a holding part 20, a reflection umbrella 30, a case 40, 
a cap 50, and a lighting unit (not shown in Fig. 1) . The LED 

15 module 100 has LED devices mounted therein. The holding part 
20 is used to hold the LED module 100. The reflection umbrella 
30 reflects light emitted by the LED module 100 forward. The 
case 40 is attached to a surface of the holding part 20 which 
is opposite to a surface on which the LED module 100 is provided. 

20 The cap 5 0 is attached to an end of the case 4 0 which is opposite 
to a surface connected to the holding part 20. The lighting 
unit is housed in the case 40, and used to cause the LED module 
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100 to illuminate. 

The cap 50 is a screw-type cap used in typical incandescent 
lamps ^ for example, E2 6 type. To reflect light emitted from 
the LED module 100 forward, an internal surface of the reflection 
umbrella 30 is applied with white paint, or is a mirror finish 
surface, if the reflection umbrella 30 is made of a metal, for 
example . 

The lighting unit uses publicly- known circuits to cause 
LED devices to emit light by means of a commercial power source. 
For example, the lighting unit includes a rectifying circuit 
that rectifies alternating-current (AC) power supplied by a 
commercial power source into direct-current (DC) power, a 
voltage adjusting circuit that adjusts a voltage value of the 
DC power obtained by the rectifying circuit, and the like. 
2. LED MODULE 100 

Fig. 2 is a perspective view illustrating the LED module 
100 relating to the first embodiment. Fig. 3A is an enlarged 
cross-sectional view illustrating a part of the LED module 100 
in which each LED device is mounted, and Fig. 3B is an enlarged 
plan view illustrating the part of the LED module 100 without 
a lens board. ^ 

The LED module 100 is constituted by a plurality of LED 

20 
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devices 110, an LED mounting module 120, and a lens board 130. 
The LED devices 110 are mounted on a front surface of the LED 
mounting module 120. The lens board 130 is provided to the front 
surface of the LED mounting module 120. The LED module 100 is 
5 a multiple-point light source, with the LED devices 110 being 
arranged regularly in directions perpendicular to each other. 
In the first embodiment, the LED devices 110 are arranged in 
a matrix of 4 x 4 at even intervals, in row and column directions 
perpendicular to each other, as shown in Fig. 2. The LED module 
10 100 functions as a sheet light source by causing the LED devices 
110 to emit light. 

The distinction between the LED module 100 and the LED 
mounting module 120 is whether the LED devices 110 are mounted 
or not. 

15 Fig . 4 is a perspective view illustrating the LED mounting 

module 12 0 relating to the first embodiment . Fig. 5A is an enlarged 
cross-sectional view illustrating a part of the LED mounting 
module 120 in which each LED device 110 is to be mounted, and 
Fig. 5B is an enlarged plan view illustrating the part of the 

20 LED mounting module 120 in which each LED device 110 is to be 
mounted. 

The LED mounting module 120 is constituted by a printed 

21 
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wiring board 123 (corresponding to a substrate in the claims) 
and a reflecting board 12 6 (corresponding to a reflecting member 
in the claims) as shown in Figs. 3 to 5 . The printed wiring 
board 123 is formed in such a manner that wiring patterns 124 
5 to mount the LED devices 110 are provided on a main surface 
of an insulation board 122. The reflecting board 12 6 has 
reflecting holes 12 6a provided in correspondence with locations , 
on the printed wiring board 123, where the LED devices 110 are 
to be mounted. The reflecting board 12 6 is made of a resin. 
10 The reflecting board 12 6 and the printed wiring board 123 are 
directly adhered to each other at their main surfaces that face 
each other. 

The insulation board 122 is made of a ceramic material, 
for example. The ceramic material includes at least one of AI2O3, 
15 AIN, Si02, and Sic. In the first embodiment , the ceramic material 
includes AI2O3, as an example. 

The insulation board 122 made of the ceramic material 
containing at least one of AI2O3, AIN, Si02, and SiC has high 
heat conductivity. This is particularly favorable in improving 
20 heat dissipation because the LED devices 110 generate heat when 
emitting light . 

The wiring patterns 124 include patterns 124a that are 
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formed on a front surface of the insulation board 122 and to 
be connected to the LED devices 110 (hereinafter referred to 
as surface patterns 124a) , patterns 124b that are formed within 
the insulation board 122 (hereinafter referred to as internal 
5 patterns 124b) , and patterns 124c that are formed on the front 
surface of the insulation board 122 and to be connected to power 
supply terminals (hereinafter referred to as terminal patterns 
124c) . 

The surface patterns 124a and the internal patterns 124b 
10 are connected to each other through via holes 152b, and the 
terminal patterns 124c and the internal patterns 124b are 
connected to each other through via holes (not shown) . 

Forming the wiring patterns 124 on the front surface of 
and within the insulation board 122 has the following advantages . 
15 The total area of the surface patterns 124a on the front surface 
of the insulation board 122 can be reduced, which enables the 
LED devices 110 to be mounted at a high density. In addition, 
the wiring patterns 124 can be more freely designed. 

The reflecting holes 12 6a formed in the reflecting board 
20 126 are each tapered toward its end facing the printed wiring 
board 123 (i.e. downward) as shown in Fig. 3, for example. In 
other words, the diameter of the reflecting hole 12 6a gradually 
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increases from its bottom end to its open end. The reflecting 
board 126 ismade of a thermosetting resinmaterial, specifically 
speaking, an epoxy resin and fillers. The fillers include at 
least one- of Ti02, Si02, AI2O3, and BaS04. 
5 The first embodiment uses a thermosetting resin material 

containing Ti02, for example. Being made of the resin material 
containing at least one of Ti02, SiOa, AI2O3, and BaS04 as fillers, 
the reflecting board 12 6 has improved reflectance 
characteristics. As an alternative method to improve the 

10 reflectance characteristics, a thin metal film may be formed 
on a wall of each reflecting hole 126a (a reflecting surface) 
by methods such as deposition and plating, for example. If such 
is the case, it does not matter whether the thermosetting resin 
material forming the reflecting board 12 6 contains fillers such 

15 as TiOa or not. 

Such a thin metal film can be formed by deposition in the 
following manner. First, a wiring pattern exposed in the 
reflecting hole 126a in the reflecting board 126 is masked. 
Next, a highly-reflective metal material such as Ag, Au and 

20 Al is (deposited in reduced-pressure atmosphere, for example . 
When using a different method, a metal paste of Ag, Au, Al or 
the like is applied to the reflecting surface, and heated to 
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be cured, for example . 

The LED devices 110 each have an anode and a cathode on 
its back surface as shown in Fig. 3. The anode and cathode are 
connected to the wiring patterns 124a on the printed wiring 
5 board 123, through gold bumps 111 and 112, for example. Thus, 
each LED device 110 is (flip-chip) mounted. 

The light emitted from the LED device 110 may need to be 
converted into light of a different color. In this case, a phosphor 
140, which is made of silicone or an epoxy resin containing 
10 predetermined phosphor: powders, is formed so as to enclose the 
LED device 110 therein. 

The lens board 130 is made of a translucent epoxy resin, 
for example. As shown In Fig. 3, the lens board 130 partially 
protrudes to form a hemispherical shape (convex lens 130a) , 
15 in correspondence with each reflecting hole 12 6a in the 

reflecting board 126, that is to say, the location where each 
LED device 110 is mounted. The reflecting hole 126a is filled 
with the same resin material forming the lens board 130, so 
that the resin material in the reflecting hole 126a is combined 
20 with the convex lens 130a. 

' The reflecting board 12 6 and the lens board 130 have a 
substantially square planar shape, for example. The insulation 
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board 122 has a rectangular planar shape whose shorter side 
has a length equivalent to a side of the reflecting board 12 6 
and the lens board 130 . The terminal patterns 124c are formed 
in a portion of the front surface of the insulation board 122, 
5 in which the reflecting board 12 6 and the lens board 13 0 are 
not formed. 

3. MANUFACTURING METHOD OF THE LED MODULE 100 

A manufacturing method of this LED module 100 includes 
a printed wiring board formation step, a half-cured reflecting 

10 board formation step, an LED mounting module formation step, 
an LED mounting step, a phosphor formation step, and a lens 
board formation step. In the printed wiring board formation 
step, the printed wiring board 123 is formed. In the half-cured 
reflecting board formation step, the reflecting board 126 made 

15 of a resin in a half-cured state (corresponding to ^^in B stage" 
in the claims) is formed (hereinafter referred to a half -cured 
reflecting board) . In the LED mounting module formation step, 
the half-cured reflecting board is adhered to the front surface 
of the printed wiring board 12 3, to form the LED mounting module 

20 120. In the LED mounting step, the LED device 110 is mounted 
on the LED mounting module 120. In the phosphor formation step, 
the phosphor 140 is formed so as to enclose the mounted LED 
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device 110 therein. In the lens board formation step, the lens 
board 130 is formed. 

A. PRINTED WIRING BOARD FORMATION STEP 

Fig . 6 is used to explain the printed wiring board formation 

step. 

Here, it is assumed that the insulation board 122 
constituting the printed wiring board 123 is made of a ceramic 
material including AI2O3. 

To start with, a green sheet 151 made of a ceramic material 
including AI2O3 ( (a) in Fig. 6) is used. On a front surface of 
the green sheet 151, patterns 153, which are to be formed into 
the internal patterns 124b, are formed by screen-printing or 
the like, using a conductive paste made of tungsten, copper 
or the like. 

A green sheet 152, different from the green sheet 151, 
is next used. In the green sheei: 152, through holes are formed 
in predetermined locations by blanking or the like. The through 
holes are filled with a conductive paste made of tungsten, copper 
or the like, to form via holes 152a. ((c) in Fig. 6). 

The green sheet 152 with the via holes 152a is placed on 
the front surface of the green sheet 151 on which the patterns 
153 are formed, and the green sheets 151 and 152 are applied 
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with pressure, to be adhered to each other. ( (d) in Fig, 6) 
On a surface of the resulting lamxnate, or a front surface of 
the green sheet 152 which faces away from the green sheet 151, 
patterns 154 which are to be formed into the surface patterns 
124a are formed by screen-printing using a conductive paste 
made of tungsten, copper or the like, ((e) in Fig. 6) 

Lastly, the green sheets 151 and 152 are fired at a 
predetermined temperature, and the patterns 154 are plated with 
nickel, gold or the like. Thus, thie printed wiring board 123, 
which is the insulation board 122 v/ith the wiring patterns 124, 
is completed ((f) in Fig. 6) . 

In the above explanation of the printed wiring board 
formation step, the surf ace patterns 124a are f ormed by printing . 
However, the surface patterns 124a can be alternatively formed 
by sputtering, deposition, plating or the like, for example. 
In addition, the conductive paste may be alternatively made 
of silver or the like in accordance with the firing temperature 
of the ceramic material. 

B. HALF-CURED REFLECTING BOARD FORMATION STEP 

Fig. 7A is a plan view illustrating a mold used to form 
the half -cured reflecting board, and Fig. 7B is a cross-sectional 
view illustrating the mold along a line AA shown in Fig. 7A 
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in a direction shown by the arrows . 

A mold 160 is formed like a box which is open at the upper 
side. A planar shape of the mold 160 is substantially square 
in correspondence with the planar shape of the reflecting board 
126. The mold 160 has a base 161, and side walls 162, 163, 164 
and 165 that are provided so as to extend vertically at different 
edges of the base 161. On an internal surface of the base 161, 
conoidal protrusions 166 are arranged in a matrix of 4 x 4 . 
Here, the conoidal protrusions 166ha-v^e a shape formed by removing 
a portion of a cone which includes an apex. When the half -cured 
reflecting board is formed using this mold 160, the protrusions 
166 correspond to the reflecting holes 126a in the reflecting 
board 126. 

Fig. 8 is used to explain the half -cured reflecting board 
formatio'n step. 

To start with, this mold 160 is arranged so that the base 
161 faces downward, and is substantially horizontal. 
Subsequently, the mold 160 is filled with a liquid epoxy resin 
167, for example, ((a) in Fig. 8) and an unnecessary amount 
of the epoxy resin 167 is then removed. 

The resinmaterial 167 principally includes an epoxy resin, 
and further contains Ti02 to enhance reflection efficiency. 
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The unnecessary amount of the epoxy resin 167 can be removed 
by using a squeegee 168, for example. Specifically speaking, 
one side of the squeegee 168 is placed so as to be in contact 
with an upper edge of the mold 160, and the squeegee 168 is 
then slid in a direction shown by the arrow in (b) in Fig. 8, 
for example. 

After this, the epoxy resin 167 is heated at 80°C for 15 
minutes, for example, to be half -cured. Thus, the half -cured 
reflecting board 167a is formed- The conditions of heating can 
vary, and need to be appropriately determined according to a 
resin material forming the reflecting board 1.2 6. 
C. LED MOUNTING MODULE FORMATION STEP 

Fig. 9 is used to explain the LED mounting module formation 

step . 

The half-cured reflecting board 167a is placed on the 
surface of the printed wiring board 123 on wh.ich the wiring 
patterns 124 are formed, in such a manner that the location 
on the printed wiring board 123 where the LED device 110 is 
to be mounted corresponds to a substantially center of a hole 
167b formed in the half-cured reflecting board 167a. ( (a) in 
Fig. 9) 

At this point of the manufacturing metbod, the resin 
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material 167 forming the half-cured reflecting board 167a is 
half -cured, or in B stage. Therefore, the shape of the half -cured 
reflecting board 167a can be maintained. For this reason, the 
half-cured reflecting board 167a can be handled with ease, and 
5 placed efficiently. 

Subsequently, the half-cured reflecting board 167a, being 
placed on the printed wiring board 123, is applied with pressure 
by means of a pressurizing member 169. While being applied with 
pressure, the half-cured reflecting board 167a is heated, to 

10 be cured. By the heating, the viscosity of the resin material 
167 forming the half-cured reflecting board 167a is lowered. 
Thus, the resin material 167 is completely cured, while the 
half-cured reflecting board 167a is in contact with the printed 
wiring board 123. As a result, the printed wiring board 123 

15 and the reflecting board 126 are directly adhered to each other 
at their surfaces that face each other. This means that the 
LED mounting module 120 is completed ((c) in Fig. 9). 

When the half-cured reflecting board 167a is placed on 
the front surface of the printed wiring board 123, there may 

20 be a gap between their surfaces that face each other due to 
the wiring patterns 124 or the like. Since the viscosity of 
the resin material 167 forming the half -cured reflecting board 
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167a is lowered by the heating, the resin material 167 fLows 
into such a gap. Therefore, the printed wiring board 123 and 
the reflecting board 12 6 can be adhered to each other complete ly . 
Thus , since there is no gap between the surfaces of the reflect ing 
board 126 and the printed wiring board 123 that face each ottier, 
light emitted from the LEDdevice 110 canbe efficiently reflected 
toward a predetermined direction without being lost. 

In an example case where a reflecting board and a prirxted 
wiring board are adhered to each other by means of an adhesive 
layer, an adhering sheet or the like needs to be placed on the 
printed wiring board, before the reflecting board is placed 
on the printed wiring board. The adhering sheet is very thiin, 
and therefore difficult to be handled- On the other hand, the 
first embodiment of the present invention utilizes the 
half -cured reflecting board 167 a having a shape of the reflecting 
board 126, which can be easily and efficiently placed on the 
printed wiring board 123. 
D. LED MOUNTING STEP 

Fig. 10 is used to explain the LED mounting step. 

The gold bumps 111 and 112 are, for example, formed at 
the location, on the LED mounting module 120, where the LED 
device 110 is to be mounted ( (a) in Fig. 10) . It goes wittxout 
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saying that the LED device 110 is to be mounted on the wiring 
patterns 124. 

After this, the LED device 110 is placed on the gold bumps 
111 and 112, by means of a collet 17 0 which holds the LED device 
5 110 by suctioning ( (b) in Fig. 10) . Specifically speaking, the 
LED device 110, in a state of being suctioned by the collet 
170, is placed on the gold bumps 111 and 112, heated, and then 
subjected to high-frequency (ultrasonic) vibration. In this 
way, the gold bumps 111 and 112 melt and then solidify. As a 
10 consequence, the LED device 110 is mounted on the surf ace patterns 
124a through the gold bumps 111 and 112. 

In the present description, the LED module 100 is defined 
as including the lens board 130. For this reason, the resulting 
module acquired by mounting the LED device 110 on the LED mounting 
15 module 120 is referred to as an LED-mounted module, in order 
to be distinguished from other modules. 
E. PHOSPHOR FORMATION STEP 

Fig. 11 is used to explain the phosphor formation step. 

To form the phosphor 140, a molding jig 171 is placed on 
20 the LED-mounted module, in which the LED device 110 has been 
mounted. The molding jig 171 is substantially plate-like, and 
has protruding parts 171b in correspondence with the reflecting 
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holes 126a in the reflecting board 126. When the molding jig 
171 is placed, the protruding parts 171b protrude into the 
reflecting holes 126a, and are in contact with the front surface 
of the printed wiring board 123 at their top edge . The protruding 
parts 171b have through holes 171a in their center. 

After this, a resinmaterial 172 is dropped into the through 
holes 171a in the molding jig 171 ((a) in Fig. 11) to form the 
phosphor 140, Here, the resin material 172 is formed by mixing 
a liquid (before cured) resin with predetermined phosphor 
powders. The amount of the resin material 172 dropped into each 
through hole 171a is determined according to the size of the 
phosphor 14 0. 

After the resin material 172 is dropped into all of the 
through holes 171a ( (b) in Fig. 11) , the resin material 172 
is heated at 150 °C for 30 minutes, for example, to be cured. 
Here, the resin material 172 can be cured under different 
conditions . 

When the resin material 172 is completely cured, the 
molding jig 171 is removed from the LED-mounted module. 
F. LENS BOARD FORMATION STEP 

Fig. 12-^ is used to explain the lens board formation step. 

To form the lens board 130, a molding jig 173 is placed 
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on the LED~mounted module, in which the phospiior 14 0 has been 
formed in the phosphor formation step. The moJ-ding jig 173 is 
substantially plate-like, and has depressions 174 in 
correspondence with locations of the reflecting holes 126a in 
5 the reflecting board 12 6 . Here, there is a predet ^rmined distance 
(corresponding to a thickness of the lens board 130) between 
surfaces of the molding jig 173 and the reflecting board 126. 

After this, a liquid (before cured) resin material to form 
the lens board 130 is injected into the moldiing jig 173 ((a) 
10 in Fig. 12) . 

When the injection of the resin material is completed, 
the resin material is heatedat 150°C for lOminutzes, for example, 
to be cured. Here, the resin material can be curecd under different 
conditions . 

15 When the resin material is completely cared, the molding 

jig 173 is removed, thereby completing the LED module 100 ( (b) 
in Fig. 12) . 
4. OTHER MATTERS 

The first embodiment of the present imvention is not 

20 limited to those described in the above section ^^2 . LED MODULE" . 
The above description only serves as an exampILe in explaining 
the type of the LED device 110 (how the LED device ZLIO is connected) , 
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the configuration of the insulation board 122, the phosphor 
140 (provided or not) , the configuration and formation method 
of the phosphor 140, the formation method of the reflecting 
board 12 6 and the like. The first embodiment includes the 
following modification examples. The following describes first 
to fourth modification examples based on the first embodiment, 
with reference to Figs. 13 and 14. 

Fig. 13A is a cross-sectional view illustrating an LED 
module relating to the first modification example, and Fig. 
13B is a cross-sectional view illustrating an LEDmodule relating 
to the second modification example. Note that, in Figs. 13A 
and 13B, the same reference numerals as in the first embodiment 
are used to indicate constituents having the same configuration 
as in the first embodiment. 

Fig. 13A shows an LED module 200 relating to the first 
modification example. The LEDmodule 200 does not have a phosphor 
enclosing the LED device 110 therein. 

If light emitted by the LED device 110 needs to be converted 
into light of a different color, a resin material forming a 
lens board 202 may contain predetermined phosphor powders, or 
a liquid containing phosphor powders may be applied to an external 
surface of the lens board 202 to form a phosphor layer. 
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By utilizing the manufacturing method of the LED module 
100, this LED module 200, in which the reflecting board 126 
and the printed wiring board 123 are directly adhered to each 
other at their surfaces that face each other, can be basically 
5 realized. 

Fig. 13B shows an LED module 220 relating to the second 
modification example. Instead of the LED device 110 and the 
phosphor 14 0, the LED module 22 0 has an LED device 222 which 
has two electrodes on its front surface, and a phosphor 224 

10 enclosing the LED device 222 therein, which is formed without 
using a molding jig. 

Having the electrodes on its front surface, the LED device 
222 is connected to wiring patterns 22 6 formed on the front 
surface of the insulation board 122, using gold wires 228 and 

15 230 . The phosphor 224 is formedby dropping a liquidresinmaterial 
containing predetermined phosphor powders without using a 
molding jig. To be specific, the resin material has not been 
cured and has a high viscosity, and can therefore maintain its 
shape to a certain extent, when dropped. Based on this, the 

20 resin material is just dropped and then cured. 

As shown in Fig. 13B, one of the wiring patterns 22 6 is ^ 
formed so as to mount the entire LED device 222. The LED device 
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222 is attached to this wiring pattern 226 using an insulative 
or conductive adhesive agent, a silver paste, or the like. 
Alternatively, the wiring pattern 22 6 may not be formed large 
enough to mount the LED device- 222- as shown in Fig. 13B. In 
this case, the LED device 222 is directly attached to the 
insulation board 122 using an adhesive agent or the like. 

The LED module 220 relating to the second modification 
example can be realized utilizing the manufacturing method of 
the LED module 100, if the phosphor formation step is performed 
in the above-described way . The ref lectingboard 126 andaprinted 
wiring board 232 are directly adhered to each other at their 
surfaces that face each other also in the LED module 220. 

Fig. 14A is a cross-sectional view illustrating an LED 
module relating to the third modification example, and Fig. 
14B is a (l^ross-sectional view illustrating an LEDmodule relating 
to the fourth modification example. Note that, in Figs. 14A 
and 14B, the same reference numerals as in the first embodiment 
are used to indicate constituents having the same configuration 
as in the first embodiment.' 

Fig. 14A illustrates an LED module 250 relating to the 
third modification example. The LED module 250 has wiring 
patterns only on a front surface of an insulation board 252. 
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Fig. 14B illustrates an LED module 270 relating to the fourth 
modification example . The LED module 27 0 also has wiring patterns 
only on a front surface of an insulation board 272. 

According to the first embodiment, the insulation board 
122 is formed by two layers of the green sheets 151 and 152 
as shown in Fig. 6. Furthermore, the patterns 153 are sandwiched 
between the green sheets 151 and 152, and connected to the surface 
patterns 124a through the via holes 152b. However, the first 
embodiment is not limited to such. As an alternative example, 
a printed wiring board 256 relating to the third modification 
example shown in Fig. 14Amay be used. The printed wiring board 
256 is constituted by the insulationboard252 and wiring patterns 
254 formed only on the front surface of the insulation board 
252. As another alternative example, a printed wiring board 
27 6 relating to the fourth modification example shown in Fig. 
14B may be used. The printed wiring board 276 is constituted 
by the insulation board 272 and wiring patterns 274 formed only 
on the front surface of the insulation board 272. 
<SECOND EMBODIMENT> 

The following describes an LED module relating to a second 
embodiment of the present invention, with reference to the 
attached figures. 
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The second embodiment is different from the first 
embodiment in that an insulation board made of a composite 
material containing an inorganic filler and a thermosetting 
resin is -used, and that a metal board is provided on a back 
surface of a printed wiring board. 
(1) CONSTRUCTION OF LED MODULE 

Fig. 15 is a schematic cross-sectional view illustrating 
the LED module relating to the second embodiment. 

An LED module 300 relating to the second embodiment 
includes an LED device 310, an LED mounting module 320, and 
a phosphor 340, and a lens board 330. The LED device 310 is 
mounted on the LED mounting module 320 . The phosphor 34 0 encloses 
the mounted LED device 310 therein . The lens board 330 is provided 
on a front surface of the LED mounting module 32 0. 

The LED mounting module 320 is constituted by a printed 
wiring board 320a, a reflecting board 32 6 made of a resin, and 
a metal board 350 attached to a back surface of the printed 
wiring board 320a. The printed wiring board 320a is formed by 
an insulation board 323 made of a composite material containing 
anAl203 (alumina) filler and an epoxy resin, and wiring patterns 
to mount the LED device 310, on a front surface of the insulation 
board 323. 
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The insulation board 323 is made up by one or more insulation 
layers, for example, two insulation layers in the second 
embodiment. Here, an insulation layer including the front 
surface of the insulation board 323 is referred to as an upper 
insulation layer 321, and an insulation layer including a back 
surface of the insulation board 323 is referred to as a lower 
insulation layer 322. Wiring patterns 324 and 325 are 
respectively formed on front surfaces of the insulation layers 
321 and 322. The wiring patterns 324 and 325 are connected to 
each other through via holes 327. 

To further distinguish the patterns 324 and 325, the 
patterns 325 formed on the lower insulation layer 322 are 
specifically referred to as internal patterns 325, and the 
patterns 324 formed on the upper insulation layer 321 are 
specif itially referred to as surface patterns 324. 

The LED device 310 is mounted on the surface patterns 324 
through gold bumps 328 and 329, as in the first embodiment. 
The phosphor 340 and the lens board 330 each have the same 
configuration as in the first embodiment, and are each formed 
using the same method as in the first embodiment. 

Similarly to the first embodiment, the reflecting board 
326 and the printed wiring board 320a are directly adhered to 

41 



wo 2005/093862 



PCT/JP2005/005603 



each other in the second embodiment. This is achieved by placing 
the reflecting board 326 made of a resin material in a half -cured 
state on the front surface of the printed wiring board 320a^ 
and then heating and applying pressure to the reflecting board 
5 326 . 

(2) MANUFACTURING METHOD 

The following describes a formation method of the printed 
wiring board 320a relating to the second embodiment. 

Fig. 16 is used to explain the formation step of the printed 
10 wiring board 320a with the metal board 350 being attached to 
its back surface. 

To start with;, a prepreg having a copper foil 366 on one 
of its main surfaces (front surface) and a metal board 3 62 made 
of aluminum are used. The prepreg is made of an alumina filler 
15 and an epoxy resin (not yet cured) ^ and corresponds to the lower 
insulation layer 322 of the completed printed wiring board 320a . 
The prepreg is adhered to the metal board 362 in such a manner 
that a back surface of the prepreg is in contact with the metal 
board 362. Then, the prepreg is heated and applied with pressure^. 
20 so as to be (completely) cured and adhered to the metal board 
362 ( (a) in Fig. 16) . 

After this, patterns 366a corresponding to the internal 



wo 2005/093862 



PCT/JP2005/005603 



patterns 325 are formed in the copper foil 366 that is adhered 
to a front surface of an insulation board 364 with the metal 
board 362 being adhered to its back surface ( (b) in Fig. 16) . 
The patterns 366a are formed using photolithography, for example . 
In detail, a dry film (a photoresist film) and an exposure film 
(a mask film) having a pattern for the internal patterns 325 
are adhered to a front surface of the copper foil 366, in this 
order. After this, ultraviolet rays or the like are irradiated 
to the copper foil 366 with the films, so that the dry film 
is developed. Subsequently, etching is performed on the copper 
foil 366 based on the developed pattern. Then, the dry film 
is removed. 

After the patterns 366a corresponding to the internal 
patterns 325 are formed, a prepreg corresponding to the upper 
insulation layer 321 (with a copper foil 369 on its front surface) 
is adhered to a surface of the insulation board 364 on which 
the patterns 366a are formed. By heating and applying pressure 
to the prepreg in order to cure the prepreg, an insulation board 
368 is adhered to the insulation board 364 that has already 
been formed ( (c) in Fig. 16) . 

Subsequently, parts of the copper film 369 corresponding 
to locations of the via holes 327 in the printed wiring board 
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320a are removed by etching based on photolithography;, for 
example- Through holes 371 are then formed in correspondence 
with the removed parts^. by means of CO2 laser for example { (d) 
in Fig. r6) . 

After this, copper is plated inside the through holes 371, 
and onto the front surface of the copper foil 3 69. Thus, via 
holes 375 are formed ( (e) in Fig. 16) . Alternatively, the through 
holes 371 may be filled with a conductive paste made of tungsten, 
copper, silver or the like, and copper is then plated onto the 
front surface of the copper foil 369. Here, the copper-plated 
copper foil 369 is referred to as a copper layer 379. 

Lastly, patterns corresponding to the surface patterns 
324 are formed in the copper layer 379, which completes the 
printed wiring board 32 0a with the metal board 350 being attached 
to its back surface as shown in (f) in Fig. 16. The surface 
patterns 324 are formed by means of photolithography, for example, 
as well as the internal patterns 325. 

Specifically speaking, the patterns formed in the copper 
layer 379 are plated with nickel, gold or the like, for example, 
to complete the surface patterns 324. If this plating process 
comes last, the surface patterns 324 can -^achieve improved 
connection with the gold bumps 32 8 and 329 and enhanced corrosion 
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resistance . 
(3) OTHER MATTERS 

The LED mounting module 320 and LED module 300 relating 
to the second embodiment are not limited to those described 
5 above. 

The above description only serves as an example in 
explaining the type of the LED device 310 (how the LED device 
310 is connected) , the configuration of the insulation board 
323, the phosphor 340 (provided or not) , the configuration and 

10 formation method of the phosphor 34 0, the formation method of 
the reflecting board 32 6 and the like. The second embodiment 
can be realized by using the modification examples explained 
in the section of . OTHER MATTERS" in the first embodiment. 

The number and arrangement of the LED devices 310 in the 

15 LED module 300 are not limited to those disclosed in the above 
description. The LED devices 310 are arranged in a matrix of 
4x4 according to the above description, but may be arranged 
in 2\rrows and M columns (J^J and Mare same or different integers) , 
for example. In addition, the LED devices 310 can be arranged 

20 to form a polygon (e.g. a rhombus or triangle) or an ellipse 
(including a circle), when seen from above. 

According to the second embodiment, the insulation board 
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323 is made up by the two layers 321 and 322 made of a composite 
material containing an alumina filler and an epoxy resin, and 
the patterns 324 and 325 for electrical connection are 
respectively formed on the layers 321 and 322, as shown in Figs. 
15 and 16. However, the second embodiment is not limited to 
siach. The following describes fifth and sixth modification 
e^camples based on the second embodiment, with reference to Fig. 
17. 

Fig. 17A is a cross-sectional view illustrating an LED 
module relating to the fifth modification example, and Fig. 
17B is a cross-sectional view illustrating anLEDmodule relating 
to the sixth modification example. Note that, in Figs. 17A and 
17B, the same reference numerals as in the second embodiment 
aire used to indicate constituents having the same configuration 
as in the second embodiment. 

As shown in Fig. 17A, an LED module 37 0 relating to the 
fifth modification example includes a printed wiring board 37 6 
constituted by an insulation board 372 and wiring patterns 374 
formed on a front surface of the insulation board 372. The 
ixTLSulation board 372 is made up by one layer made of a composite 
material containing an alumina filler and an epoxy resin. The 
pxinted wiring board 37 6 is formed in the following manner. 
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Patterns corresponding to the wiring patterns 37 4 are formed 
on the insulation board 312, and plating is last performed on 
the patterns, in the manner shown in (b) in Fig. 16. 

As shown in Fig. 17B, an LED module 380 relating to the 

5 sixth modification example includes an LED device 390 and a 
phosphor 392. The LED device 390 is the same as the LED device 
222 relating to the second modification example, and has an 
anode and a cathode on its front surface. The phosphor 392 is 
formed in the method described in the second modification 

10 example . 

The LED module 380 relating to the sixth modification 
example is basically realized using the manufacturing method 
of the LED module 100 relating to the first embodiment. However, 
a printed wiring board 384 is formed in the method described 

15 in the fifth modification example, and the phosphor 392 is formed 
using the method described in the second modification example. 

In the LED module 370 relating to the fifth modification 
example and the LED module 380 relating to the sixth modification 
example, the reflecting board 32 6 is directly adhered to the 

20 printed wiring board (376 and 384) at their surfaces that face 
each other. 

While the insulation board 323 relating to the second 



wo 2005/093862 



PCT/JP2005/005603 



embodiment is made up by the two insulation layers 321 and 322, 
the insulation board 372 relating to the fifth and sixth 
modification examples is made up by one insulation layer. Here, 
however, the insulation board (323 and 372) can be made up by 
three or more insulation layers. 

<FURTHER MODIFICATION EXAMPLES OF THE FIRST AND SECOND 
EMBODIMENTS> 

The above describes the first and second embodiments and 
the first to sixth modification examples of the present invention. 
However, the present invention is not limited to those specific 
examples, and further includes the following modification 
examples. In the following, ^^the first and second embodiments 
and the like'' refers to the first to sixth modification examples, 
in addition to the first and second embodiments. 
(1) REFLECTING BOARD 
1. FORMATION METHOD 

According to the first and second embodiments and the like, 
the half-cured reflecting board is formed in such a manner that 
the resin material is poured into the mold and half -cured. 
Alternatively, the half-cured reflecting board may be formed 
by injection molding, for example. This is described in the 
following as a seventh modification example. 
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Fig. 18 is an exploded perspective view illustrating a 
mold relating to the seventh modification example to form a 
half-cured r-eflecting board. Fig. 19A is a cross-sectional view 
illustrating the mold, and Fig. 19B is a plan view illustrating 
5 the mold with an upper part being removed. 

A mold 400 is used to form a half-cured reflecting board 
based on injection molding. As shown in Fig. 18, the mold 400 
includes a lower part 420, which, for example, corresponds to 
the mold 160 in the first embodiment, and an upper part 410 

10 that closes a.n opening of the lower part 420 . To form a half-cured 
reflecting board, the upper part 410 and the lower part 420 
are combined., to create a formation space therebetween. It should 
be noted that a resin material injected into the formation space 
does not leak, when the upper part 410 and the lower part 420 

15 are combinecd. 

The lower part 420 is formed like a box, and has a base 
421 and four side walls 422, 423, 424 and 425, similarly to 
the mold 160 ±n the first embodiment . On the base 421, protrusions 
42 6 to form reflecting holes are provided. In the side wall 

20 422, an inlet aperture 427 is provided for a resin material. 
In the side wall 424, an outlet aperture 428 is provided-' for 
a resin material. 
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To form the half-cured reflecting board;, a liquid resin 
material is injected into the formation space formed when the 
upper part 410 and the lower part 420 are combined, through 
the inlet aperture 427, to such an extent that the resin material 
5 pours out through the outlet aperture 428. When the mold 400 
is filled with the resin material, the resin material is heated, 
to be half-cured. 

When the half-cured reflecting board is formed using 
injection molding, the same conditions are applied as in the 

10 half-cured reflecting board formation step relating to the first 
embodiment. The use of injection molding enables a half -cured 
reflecting board with high dimensional accuracy to be obtained 
efficiently. Therefore, when the half-cured reflecting board 
obtained using inj ection molding is placed on the printed wiring 

15 board to* be adhered to the printed wiring board together, their 
surfaces can be substantially parallel to each other. Hence, 
the pressurizing member 169 can apply even pressure to the upper 
surface of the half-cured reflecting board. This achieves a 
reflecting board, or an LED "mounting module ultimately, with 

20 little unevenness in thickness. 
2. CONSTRUCTION 

According to the first and second embodiments and the like. 
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the reflecting board is formed like one plate;, and has 16 separate 
reflecting holes in correspondence with locations where the 
LED devices are to be mounted- However, the first and second 
embodiments and the like are not limited to such. Alternatively, 
5 a separate reflecting piece may be formed in correspondence 
with a location of each of the LED devices, and each reflecting 
piece is separately adhered to the printed wiring board. 

The following describes eighth and ninth modification 
examples where separate reflecting pieces are provided instead 
10 of the reflecting board, with reference to Figs. 20, 21, 22 
and 23. 

Fig. 20 is a perspective view illustrating an LED mounting 
module relating to the eighth modification example. 

As shown in F±g. 20, an LED mounting module 510 relating 
15 to the eighth modifxcation example is constituted by a printed 
wiring board 512 with wiring patterns (not shown in Fig. 20) 
and a plurality of (16) reflecting pieces 514 formed on a front 
surface of the printed wiring board 512. 

As clearly seen from Fig. 20, each reflecting piece 514 
20 has a reflecting hole 516 in its center. In other words, one 
reflecting piece 514 has one reflecting hole 516. The reflecting 
hole 516 is tapered downward towards the printed wiring board 
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512 as in the first and second embodiments and the like. The 
reflecting piece 514 is adhered to the printed wiring board 
512 in the same manner as in the first embodiment. Specifically 
speaking, the reflecting piece 514 made of a resin material 
in a half -cured state is first placed at a predetermined location 
on the printed wiring board 512. After this, while a pressure 
is applied to a front surface of the reflecting piece 514, the 
reflecting piece 514 is heated, to be completely cured. 

Fig. 21A is a plan view illustrating a mold used to form 
the reflecting pieces 514 relating to the eighth modification 
example, and Fig. 21B is a cross-sectional view illustrating 
the mold along a line BB shown in Fig. 21A in a direction shown 
by the arrows. 

As shown in Fig. 21, a mold 520 is formed like a box, and 
has a base 521 and four side walls 522, 523, 524 and 525, similarly 
to the mold 160 used to form the reflecting board 126 relating 
to the first embodiment. 

An internal space of the box-like mold 52 0 is divided into 
16 sub-spaces, in total, by horizontal walls 527 and vertical 
walls 526 that extend ±n horizontal and vertical directions 
(X and Y directions in Fig, 21A) and the side walls 522, 523, 
524 and 525. In substantially the center of each sub-space, 
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a protrusion 528 is provided on the base 521, to form the 
reflecting hole 516 formed in the reflecting piece 514, Note 
that the protrusion 528 is tapered from the base 521 to the 
open end of the mold 520, in correspondence with the shape of 
the reflecting hole 516. 

The internal space of the mold 520 is divided into 16 
sub-spaces so that the 16 reflecting pieces 514 are obtained 
at a time. However, the eighth modification example may 
alternatively use a mold corresponding to each sub-space, so 
that one reflecting piece 514 is obtained at a time. 

Fig . 22 is a perspective view illustrating an LED mounting 
module relating to the ninth modification example. 

Similarly to the LED mounting module 510 relating to the 
eighth modification example, an LED mounting module 530 relating 
to the ninth modification example is constituted by a printed 
wiring board 532 including wir*ing patterns (not shown in Fig. 
22) and a plurality of (16) reflecting pieces 534 formed on 
a front surface of the printed wiring board 532. 

As clearly seen from Fig. 22, each reflecting piece 534 
has one reflecting hole 536 in its center. The reflecting hole 
536 is tapered downward towards the printed wiring board 532. 
The reflecting piece 534 is adhered to the printed wiring board 
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532 in the same manner as in the e±ghth modification example. 

Fig. 23A is a plan view illustrating a mold used to form 
the reflecting pieces 534 relating to the ninth modification 
example, and Fig. 23B is a cross-sectional view illustrating 
5 the mold along a line CC shown in F±g. 23A in a direction shown 
by the arrows . 

As shown in Fig. 23, a mold 550 is plate-like, and has 
15 depressions 552 arranged in 4 x 4 in horizontal and vertical 
directions (X and Y directions in. Fig. 23A) . A planar shape 
10 of each depression 552 is like a ring as shown in Fig. 23A- 
The inner diameter of the ring-like depression 552 increases 
from a front (open) side of the mold 550 toward the base of 
the mold 550, in correspondence with the shape of the reflecting 
hole 536 (see a wall 553 of the depression 552) . 
15 3. RESIN MATERIAL 

According to the first and second embodiments and the like, 
the reflecting board is made of an epoxy resin, but can be made 
of a different resin such as an unsaturated ester resin, aphenolic 
resin, a polyimide resin, and a polyphthalamide resin. 
20 (2) OTHER MATTERS 

According to the first and second embodiments and the first 
to ninthmodification examples, the half-curedref lectingmember 
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(indicating the half-cured reflecting board and pieces) is 
placed on the printed wiring board, and then completely cured 
to be adhered. However, the following method is also applicable 
to realize such a construction that the printed wiring board 
and the reflecting member are directly adhered to each other 
at their surfaces that face each other. For example, a resin 
material is used to form the printed wiring board. The reflecting 
member (made of a partially or completely-cured resin material) 
is placed on the printed wiring board, made of the resin material 
in a half-cured state. Subsequently, the printed wiring board 
and the reflecting member are heated and applied with pressure, 
to be adhered to each other . 

When this alternative method is employed, the following 
problems may emerge. The wiring patterns formed in the front 
surface 'of the printed wiring board may be distorted like a 
wave. Furthermore, a part on the printed wiring board where 
the LED device is to be mounted may be distorted. These problems 
can be solved in the following manner, for example. The mold 
used to form the reflecting member is placed on the reflecting 
member, which has been placed on the printed wiring board, in 
such a manner that the protrusions of the mold correspond to 
the reflecting holes in the reflecting member. In this way, 
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the part of the wiring patterns at which the LED device is to 
be mounted is pressed by the mold, during the LED mounting module 
formation step. In this way, that part of the wiring patterns 
can be flattened. 

The reflecting member and the printed wiring board are 
made of the same resin (an epoxy resin) according to the second 
embodiment, but can be made of different resins. However, it 
should be noted that the reflecting member and tine printed wiring 
board can be adhered to each other more strongly when the same 
resin is used- 
According to the second embodiment, the resin material 
of the prepregs 364 and 368 to be formed into the printed wiring 
board 323 is completely cured during the printed wiring board 
formation step. As an alternative example, however, the resin 
material may be only half cured during the printed wiring board 
formation step. The resin material is completely cured when 
the printed wiring board is adhered to the ireflecting board 
326, together with the resin material forming the reflecting 
board 326 (this method is referred to as post-curing) . If such 
is the case, the printed wiring board formation step takes a 
shorter time period. This can improve productivity. 

According to the first and second embodiments and the 

56 



wo 2005/093862 



PCT/JP2005/005603 



like^ the LED device is directly mounted on the porinted wiring 
board. However, the LED device can be indirectly mounted on 
the printed wiring board. This modification is a tenth 
modification example, where an LED device is mounted on the 
5 printed wiring board by using a sub-mounting substrate. 

Fig. 24 is a cross-sectional view illustrating an LED 
module relating to the tenth modification example where an LED 
device is indirectly mounted. 

An LED module 600 relating to the tenth raodif ication 

10 example uses the same LED mounting module as in the second 
modification example. This LED mounting module is constituted 
by the printed wiring board 232 and the reflecting board 12 6. 
An LED device 610, included in a sub-mounting device 605, is 
indirectly mounted on a predetermined location in the LED 

15 mounting module. The LED module 600 includes the lens board 
130 as in the second modification example. 

The sub-mounting device 605 is, for example^ constituted 
by a silicon substrate 612 (hereinafter referred, to as an Si 
substrate 612) , the LED device 610 mounted on an tapper surface 

20 of the Si substrate 612, and a phosphor 618 enclosing the LED 
device 610 therein.^ Here, the LED device 610 is mounted on the 
Si substrate 612 through gold bumps 614 and 616. 
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On a lower surface of the Si substrate 612, a first terminal 
electrically connected to one of the electrodes of the LED dev±ce 
610 is provided. On the upper surface of the Si substrate 63_2, 
a second terminal electrically connected to the other electrode 
of the LED device 610 is provided. 

The sub-mounting device 605 is mounted on the LEDmount±ng 
module using a silver paste, for example. The sub-mounting device 
605 is electrically connected to the printed wiring board 232 
in the following manner. The first terminal on the lower surface 
of the Si substrate 612 is connected to one of the wiring pattejrns 
226 in the printed wiring board 232 using a silver paste as 
mentioned above. Furthermore, the second terminal on the upper 
surface of the Si substrate 612 is connected to the other wiring 
pattern 226 in the printed wiring board 232 through a wire 620. 

When the LED device 610 is indirectly mounted using a 
sub-mounting substrate, the sub-mounting device 605 including 
the phosphor 618 is mounted on the printed wiring board 2 32. 
Hence, the sub-mounting device 605 can be mounted on the iiED 
mounting module, after the LED device 610 is tested whetlier 
to emit light properly, for example. As a result, a yielding 
r-atio of LED modules can be improved, for example. 
<TH1RD EMBODIMENT> 
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According to the first and second embodiments, a solid 
member made of a resin material in B stage (e.g. the half-cured, 
reflecting board 167a in the first embodiment) is separately 
formed, and then placed on the main surface of the printed wiring 
5 board. Following this, the resin solid member is completely 
cured, so as to be adhered to the printed wiring board and to 
form the reflecting board at the same time. There is, however, 
an alternative method to form a reflecting member (indicating 
reflecting board and pieces) which is directly adhered to the 

10 printed wiring board. According to this alternative method^ 
a mold (corresponding to a molding member in the claims) is 
placed on the main surface of the printed wiring board, and 
a liquid resin material is then injected into the mold. 

The following describes such a method that a reflecting 

15 board is directly formed on a main surface of a printed wiring 
board in a single step using a liquid resin material. 

In a third embodiment, constituents such as a printed 
wiring board, an LED device and a lens board have the same 
configurations as their counterparts in the first embodiment 

20 and are therefore indicated by the same reference numerals. 
The following description is made with focus on how to form 
a reflecting board 701. 
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(1) FORMING REFLECTING BOARD 701 

Fig. 25 is a perspective view illustrating a mold used 
to form the reflecting board 701 relating to the third embodiment . 
Fig. 2 6A is a plan view illustrating the mold relating to the 
5 third embodiment, and Fig. 2 6B is a cross-sectional view 

illustrating the mold along a line DD shown in Fig. 2 6A in a 
direction shown by the arrows. 

As shown in Figs. 25 and 26, a mold 710 is formed like 
a box which is open at the upper side. A planar shape of the 

10 mold 710 is substantially square in correspondence with a planar 
shape of the reflecting board 701 (having the same shape as 
the reflecting board 12 6 shown in Fig. 3A) . The mold 710 has 
a base 711, and side walls 712, 713, 714 and 715 that are formed 
at different edges of the base 711 so as to extend vertically. 

15 On an internal surface of the base 711, conoidal protrusions 
716 are arranged in a matrix of 4 x 4 . 

If the reflecting board 701 is formed using this mold 710, 
the protrusions 716 correspond to reflecting holes 703 in the 
reflecting board 701. In a top part 716a of each protraction 

20 716, depressions 719a and 719b are formed in correspondence 
with a part of the printed wiring board 123, which include a 
portion of the wiring patterns 124 on which the LED device 110 
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is to be mounted. The depressions 719a and 719b are two separate 
depressions, so as to correspond to the anode and cathode of 
the LED device 110. 

Fig. 27 is used to explain a reflecting board formation 
step relating to the third embodiment. 

To start with^. the printed wiring board 123 is kept in 
a predetermined state, for example, horizontally kept as shown 
in (a) in Fig. 27. Here, the printed wirirxg board 123 is 
constituted by the insulation board 122 and tlie wiring patterns 
124 formed on and in the insulation board 122 (fche wiring patterns 
formed within the insulation board 122 are not shown in Fig. 
27) . 

After this, the above-described mold 7IL0 is placed on the 
front (upper) surface of the printed wiring l)oard 123, in such 
a manner that the base 711 faces away from the front surface 
of the printed wiring board 123. This creates a formation space 
718 for the reflecting board 701 between the mold 710 and the 
printed wiring board 123. 

Subsequently, a liquid thermoplastic resin material is 
injected into the mold 710 through an inlet sperture 717a, and 
suctioned through an outlet aperture 717b, ss shown^ in (b) in 
Fig. 27. In this way, the thermoplastic resi-n material starts 
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to be poured into the formation space 718 defined by the mold 
710 and the printed wiring board 123. When completely filling 
the formation space 718, the thermoplastic resin material 
finally flows out through the outlet aperture 717b. 

This thermoplastic resin material principally includes 
a polyphthalamide (PPA) resin, and further includes fillers 
to improve reflection efficiency, for example, Ti02. Other than 
Ti02, Si02^ AI2O3, BaS04, or the like can be used for the fillers. 
The thermoplastic resin material preferably includes fillers 
of 0.1 (%) to 50 (%) containing one or more of these fillers. 
The fillers may not be added to the thermoplastic resin material 
if improvement of reflection efficiency is not required, for 
example . 

After the formation space 718 defined by the mold 710 and 
the printed wiring board 123 is filled with the thermoplastic 
resin material, the thermoplastic resin material is cooled down, 
to be cured- Thus, the reflecting board 701 is formed on the 
front surface of the printed wiring board 123, as shown in (c) 
in Fig. 27. The reflecting board 701 is adhered to the front 
surface of the printed wiring board 123, as well as formed. 
In this way, an LED mounting module 700 is completed. 

To obtain the liquid thermoplastic resin material, the 
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thermoplastic resin material is heated to 320 for example. 
However, the temperature varies depending on factors such as 
a type of the thermoplastic resin material and viscosity required 
to form the reflecting board 701. Therefore, the temperature 
needs to be appropriately determined according to the resin 
material . 

Fig. 28 illustrates a cross-section of the depressions 
719a and 719b in the top part 716a of the protrusion 716 formed 
in the mold 710, when the mold 710 is placed on the printed 
wiring board 123. 

As shown in Figs. 25 and 28, the depressions 719a and 719b 
are formed in the top part 716a of the protrusion 716 in the 
mold 710, in correspondence with the wiring patterns 124. This 
can lower the risk that the liquid thermoplastic resin material 
flows into a gap between the top part 716a and the wiring patterns 
124, when the thermoplastic resin material is injected into 
the mold 710. For this reason, occurrence of flash caused by 
the thermoplastic resin material flowing into such a gap can 
be reduced. 

The following mentions the dimension of the depression 
719a (719b) with reference to Fig. 28. The width LI (Fig. 28) 
of the wiring patterns 124, in detail, of a portion of one of 
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the wiring patterns 124 including an electrode (to mount an 
LED device) is 350 lam. The width L2 (Fig. 28) of the depressions 
719a and 719b, in detail, of a portion of the depression 719a 
corresponding to the above-identified portion of the wiring 
pattern 124 is 360 laiti. 

Which is to say, the depression 719a has a shape 
corresponding to that of the wiring pattern 124, and a distance 
of 5 ]im is maintained between edges of the depression 719a and 
the wiring pattern 124. Here, the distance between the edges 
of the depression 719a and the wiring pattern 124 preferably 
falls within a range of 1 pm to 20 pm, taking into consideration 
the dimensional accuracy of the wiring patterns 124 and the 
risk of the thermoplastic resin material flowing into the 
depressions 719a and 719b. 

The depressions 719a and 719b have a depth greater than 
a height of the wiring patterns 124 from the front surface of 
the insulation board 122. To be specific, the wiring patterns 
124 have a height of 12 pm, and the depressions 719a and 719b 
have a depth of 15 pm, so that a distance of 3 pm is provided 
between the surfaces of the wiring patterns 124 and the bottoms 
of the depressions 719a and 719b. 

Here, the distance between the surfaces of the wiring 
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patterns 124 and the bottoms of the depressions 719a and 719b 
is preferably large enough to prevent a contact of the bottoms 
of the depressions 719a and 719b with the surfaces of the wiring 
patterns 124. This is because such a contact may damage the 
5 wiring patterns 124. However, an excessively large distance 
will cause more of the thermoplastic resin material to flow 
into the gap between the wiring patterns 124 and the depressions 
719a and 719b. Considering these, the distance preferably falls 
within a range of 1 pm to 15 p.m. 

10 By forming the reflecting board 701 directly on the front 

surface of the printed wiring board 123 in a single step, the 
productivity of manufacturing LED mounting modules can be 
improved, when compared with the reflecting board formation 
method described in the first and second embodiments. According 

15 to the first and second embodiments, the half -cured reflecting 
board (126 and 325) is separately formed, and then placed on 
the printed wiringboard (123and323) .After this, the half-cured 
reflecting board (126 and 326) needs to be heated again, to 
be completely cured. According to the third embodiment, on the 

20 other hand, the reflecting board 701 can be almost completed 
in a single step, which is equivalent to the step of forming 
the half-cured reflecting board. Note that this single step 
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may take a longer time than the half-cured reflecting board 
formation step relating to the first and second embodiments, 
depending on the type of the thermoplastic resin material used 
to form the reflecting board 701. 

The reflecting board 701 is formed using the mold 710 in 
the third embodiment, and therefore has high dimensional 
accuracy. Accordingly, the reflecting board 701 can reliably 
reflect light emitted from an LED device in a predetermined 
direction . 
(2) MOLD 710 

According to the above description, there are two 
depressions 719a and 719b in the top part 716a of the protrusion 
716 of the mold 710. However, only one depression having a shape 
corresponding to those of the depressions 719a and 719b may 
be formed in the top part 716a. This is described as an eleventh 
modification example in the following. Furthermore, one 
depression having a modified shape may be formed in the top 
part 716a- This is described as a twelfth modification example 
in the following. 

Fig. 2 9 is a plan view illustrating a protrusion formed 
in a mold relating to the eleventh modification example. In 
Fig. 29, the wiring patterns 124 are indicated by dashed lines 
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for better intelligibility. 

In a mold 750, a depression 756 is formed in a top part 
754 of a protrusion 752, and has a shape corresponding to the 
shapes of the two wiring patterns 124 as shown in Fig. 29. In 
5 this way, even the single depression 756 in the top part 754 
can reduce the amount of a resin material that flows into an 
area on the printed wiring board 123 in which an LED device 
is to be mounted. In the eleventh embodiment , the distance between 
edges of the depression 756 and the wiring patterns 124 basically 
10 has the same length as the distance mentioned in the third 
embodiment . 

Fig. 30A is a cross-sectional view illustrating a mold 
relating to the twelfth modification example and the printed 
wiring board 123, during the formation process of a reflecting 

15 board, and Fig. 30B illustrates a cross-section along a line 
EE shown in- Fig. 3 OA in a direction shown by the arrows. 

As seen from Fig. 30B, a depression 7 66 formed in a top 
part 7 62a of a protrusion 7 62 in a mold 7 60 has a shape 
corresponding to the shapes' of the two wiring patterns 124, 

20 In addition, the depression 7 66 is formed with a periphery 7 68 
being left in the top part 7 62a of the protrusion 7 62 . Therefore, 
the periphery 7 68 is in contact with the wiring patterns 124, 
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when the mold 760 is placed on the printed wiring board 123. 

As described above, the depression 766 has a shape 
corresponding to the portions of the. wiring patterns 124 in 
which an LED device is to be mounted. This reduces the risk 
5 of damage to those portions of the wiring patterns 124 during 
the formation process of the reflecting board. 

Here, the molds 750 and 760 relating to the eleventh and 
twelfth modification examples basically have the same 
configuration as the mold 710 relating to the third embodiment. 

10 Specifically speaking, the molds 750 and 760 respectively have 
a base and side walls formed at different edges of the base 
so as to extend vertically - In addition, the conoidal protrusions 
7 52 and 7 62 are arranged in a matrix of 4 x 4 on an internal 
surface of the base. 

15 <FOURTH • EMBODIMENT> 

According to the third embodiment, the mold 710 is used 
to form the reflecting board 701. In detail, the mold 710 and 
the printed wiring board 123 define an enclosed space, and the 
thermoplastic resin material is injected into this enclosed 

20 space. There is, however, an alternative method to form a 

reflecting board directly on a fr-ont surface of a printed wiring 
board in a single step. The following describes a fourth 
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embodiment ;r where a reflecting board is formed by printing 
directly on a front surface of a printed wiring board in a single 
step . 

Fig . 31A illustrates a mold used to form a reflecting board 
5 in the fourth embodiment, showing a space to form the reflecting 
board, and Fig. 31B illustrates a cross-section of the mold 
along a line FF shown in Fig. 31A in a direction shown by the 
arrows . 

As shown in Fig. 31, a mold 810 relating to the fourth 
10 embodiment has a base 811 and side walls 812, 813, 814 and 815 
formed at different edges of the base 811 so as to extend 
vertically. In addition, conoidal protrusions 816 are arranged 
in a matrix of 4 x 4 on an internal surface of the base 811. 

A depression 818 is formed in a top part 816a of each 
15 protrusion 816. Here, the depression 818 is large enough to 
house an LED device therein without contacting the LED device. 
In addition, for example, four through holes 820 are provided 
in the base 811 so as to surround each protrusion 816. The through 
holes 820 allow a liquid thermosetting resin material to be 
20 injected into the mold 810, when the mold 810 is placed on the 
printed wiring board 123. 

A height H2 from the internal surface of the base 811 to 
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the top part 816a is smaller than a height H3 from the internal 
surface of the base 811 to the upper edges of the side walls 
812, 813, 814 and 815, by a length equal to the height of the 
wiring patterns 124. Because of this construction, there is 
substantially no gap between the side walls 812 to 815 and the 
printed wiring board 123, when the mold 810 is placed on the 
front surface of the printed wiring board 123. This can reduce 
the risk that a liquid thermosetting resinmaterial flows outside 
the mold 810 . 

The following describes aprocedureof forming a reflecting 
board directly on the front surface of the printed wiring board 
123 in a single step using this mold 810. 

Fig. 32 is used to explain a reflecting board formation 
step relating to the fourth embodiment. 

In' the third embodiment, it is assumed that an LED device 
has not been mounted on the printed wiring board 123 before 
the reflecting board 701 is formed. In the fourth embodiment, 
on the other hand, it is assumed that the LED device 110 has 
already been mounted on the 'printed wiring board 123 before 
a reflecting board is formed. 

To start with, the printed wiring board 123 is kept in 
a predetermined state, for example, horizontally kept as shown 
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in (a) in Fig. 32. Here, the printed wiring board. 123 is 
constituted by the insulation board 122 and the wiring patterns 
124 formed on the insulation board 122 (the wiring patterns 
formed within the insulation board 122 are not shown in Fig. 
5 32) . 

After this, the above-described mold 810 is placed on the 
front (upper) surface of the printed wiring board 123, in such 
a manner that the base 811 faces away from the front surface 
of the printed wiring board 123. This creates a formation space 

10 822 to form a reflecting board between the mold 810 and the 
printed wiring board 123. 

Subsequently, a liquid thermosetting resin material 830 
is dropped, through the through holes 820, into the formation 
space 822 as shown in (b) in Fig. 32. The thermosetting resin 

15 material 830 principally contains an epoxy resin, and further 
contains Ti02 and the like to improve reflection efficiency, 
as in the first embodiment. 

When the formation space 822 is filled with the 
thermosetting resin material 830 to a certain extent, the 

20 thermosetting resin material 830 left on the base 811 of the 
mold 810 is put into the formation space 822 through the through 
holes 820 using a squeezee 835, as shown in (c) in Fig. 32. 



wo 2005/093862 



PCT/JP2005/005603 



Thus, the formation space 822 is completely filled with the 
thermosetting resin material 830. 

When the thermosetting resin material 830 is heated, to 
be cured, a reflecting board is formed on the front surface 
5 of the printed wiring board 123, similarly to (c) in Fig. 27 
explaining the third embodiment. It goes without saying that 
the reflecting board is adhered to the front surface of the 
printed wiring board 123, as well as formed. Here, it should 
be noted that the thermosetting resin material 830 is heated 

10 at 150 °C for 30 minutes, for example, to be cured. However, 
the conditions to cure the thermosetting resin material 8 30 
are not limited to such, and can be varied. 

Fig. 33Ais a cross -sectional view illustrating the printed 
wiring board 123 and the mold 810, when the mold 810 is placed 

15 on the printed wiring board 123 to form the reflecting board, 
and Fig. 33B illustrates a cross-section along a line GG shown 
in Fig. 33A in a direction shown by the arrows. 

As seen from Fig. 33, the depression 818 large enough to 
house the LED device 110 therein is formed in the top part 816a 

20 of the protrusion 816 formed in themold 810 . Here, the depression 
818 is formed in the center of the top part 816a, with a periphery 
left in the top part 816a. Because of this configuration, the 
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periphery of the protrusion 816 is in contact with the wiring 
patterns 124, when the mold 810 is placed on the printed wiring 
board 123 . This can reduce the risk that the thermosetting resin 
material 830 flows into the depression 818 . 

According to the fourth embodiment, the periphery- 
surrounding the depression 818 in the top part 816a of the mold 
810 is substantially flat, and in contact with the wiringpatterns 
124. 

Here, the fourth embodiment is not limited to the above 
description. For example, the configuration of the top part 
816a can be modified. The following describes a thirteenth 
modification example, where the configuration of the top part 
816a is modified. 

Fig. 34A illustrates a mold relating to the thirteenth 
modification example and the printed wiring board 123, when 
the mold is placed on the printed wiring board 123 to form a 
reflecting board, with a part broken away to show an inner 
structure, and Fig. 34B illustrates the mold and the printed 
wiring board 123 in a direction H shown in Fig. 34A. 

A mold 850 relating to the thirteenth modification example 
has protrusions 852 in correspondence with reflecting holes 
in a reflecting board. Furthermore, a depression 854 large enough 
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to house the LED device 110 therein is formed in a top part 
852a of each protrusion 852. 

Additionally, a second depression 854a is formed in a 
portion of the top part 852a which opposes the wiring patterns 
5 124 and in which the depression 854 is not formed, as shown 
in Fig. 34B. 

A depth H5 of the second depression 854a is smaller than 
a height H4 of the wiring patterns 124 from the front surface 
of the insulation board 122. Because of this configuration, 
10 a flat portion of the top part 852a (excluding the depression 
854 and the second depression 854a) is positioned between the 
surfaces of the wiring patterns 12 4 and the insulation board 
122. 

Here, a width L4 of the second depression 854a is larger 
15 than a width L3 of the wiring pattern 124 as shown in Fig. 34B. 
The difference between the widths L3 and L4 is preferably from 
1 jim to 20 pm, as mentioned in the third embodiment. 

Because of this configuration, the portion of the top part 
852a which is in contact with the printed wiring board 123 (wiring 
20 patterns 124) is configured so as to coincide with the uneven 
surface of the printed wiring board 123, excluding a portion 
of the printed wiring board 123 in which the LED device 110 
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is mounted. This can reduce the risk that a thermosetting resin 
material flows into the depression 854 during the formation 
process of the reflecting board. 

In particular^ the depth H5 of the second depression 854a 
5 is smaller than the height H4 of the wiring patterns 124 . Because 
.of this configuration, the wiring patterns 124 can be reliably 
made in contact with the bottom of the second depression 854a. 

In the thirteenth modification example, since the depth 
H5 is smaller than the height H4, the insulation board 122 is 
10 not in contact with the protrusion 852. However, the depth H5 
may have smbstantially the same length as the height H4, so 
that the printed wiring board 123 (the insulation board 122) 
is in contact with the top part 852a of the protrusion 852. 
This can also reduce the risk that the thermosetting resin 
15 material flows into the depression 854. 

In tbe above description of the fourth embodiment, the 
reflecting board is formed by printing on the printed wiring 
board 123 on which the LED device 110 has already been mounted. 
To do so, the protrusion 81*6 formed in the mold 810 has the 
20 depression 818 to house the LED device 110 therein. However, 
if the reflecting board is formed by printing in a single step 
directly on the printed wiring board 123 on which the LED device 
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110 has not been mounted, the protrusion 816 may not need the 
depression 818 large enough to house the LED device 110 therein. 
In this case, the top part 815a of the protrusion 816 may be 
configured in the same manner as the top part 716a relating 
5 to the third embodiment, for example, or may have a depression 
similar to the depression 756 relating to the eleventh 
modification example or the depression 7 66 relating to the 
twelfth modification example. 

<M0DIFICATION EXAMPLES OF THE THIRD AND FOURTH EMBODIMENTS> 
10 According to the third and fourth embodiments of the 

present invention, the reflecting board is formed directly on 
the printed wiring board in a single step. However, the third 
and fourth embodiments are not limited to such specific examples , 
and further include the following modification examples. In 
15 the following description, ^^the third and fourth embodiments 
and the like'' indicates the eleventh to thirteenth modification 
examples based on the third and fourth embodiments, in addition 
to the third and fourth embodiments. 
(1) RESIN MATERIAL 
20 According to the third embodiment, the reflecting board 

is made of a PPA resin. However, the reflecting board can be 
made of a different thermoplastic resin such as a polyphenylene 
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sulfide (PPS) resin, a liquid crystal polymer (LCP) , and a 
polybutylene tereph-thalate (PBT) resin. Furthermore, the 
reflecting board can be made of a thermosetting resin such as 
an epoxy resin. According to the fourth embodiment, the 
5 reflecting board is made of an epoxy resin. However, the 

reflecting board can be made of a different resin such as an 
unsaturated ester re sin and a phenolic resin, or a thermoplastic 
resin as in the third embodiment. 

(2) LED DEVICE 

10 According to the third and fourth embodiments and the like , 

the LED device is dirrectly mounted on the printed wiring board. 
However, the LED device may be indirectly mounted on the printed 
wiring board, as in the tenth modification example where the 
sub-mounting device 605 including the LED device 610 is mounted 

15 on the printed wiring board 232. In this case, the depression 
formed in the top part of the protrusion needs to have a 
sufficiently large size to house a sub-mounting device therein. 

(3) DEPRESSIONS 
1. SIZE 

20 According to the fourth embodiment, the reflecting board 

is formed after the LED device 110 is mounted on the printed 
wiring board 123. However, the reflecting board may be instead 
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formed after a resin member (for example^ the phosphor 140 in 
the first embodiment) is formed by enclosing the LED device 
110 mounted on the printed wiring board 123 therein by a resin 
material. If such is the case, the depression 818 needs to be 
5 large enough to house the LED device 110 with the resin member 
therein - 

2. CONFIGURATION OF DEPRESSIONS 

According to the third and fourth embodiments and the like, 

the depression formed in the top part of the protrusion in the 
10 mold has a bottom. As an alternative example, however, the 

depression may be formed as a through hole. In the present 

description, the depression may have a bottom, or be formed 

as a through hole without a bottom. 

The configuration and planar shape of the depression are 
15 not limited to those cLisclosed in the third and fourth embodiments 

and the like. 

(4) REFLECTING BOARD 

1. CONSTRUCTION 

According to the third and fourth embodiments and the like, 
20 the reflecting board, is formed like a plate, and has 16 separate 

reflecting holes in correspondence with the locations where 

the LED devices are to be mounted, but not limited to such. 
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In other words, it is also possible to provide a separate 
reflecting piece for each LED devices, similarly to the eighth 
and ninth modification examples based on the first and second 
embodiments (the reflecting pieces 514 and 534) • 

The following describes a fourteenth modification example 
where separate reflecting pieces are provided instead of the 
reflecting board, with reference to Figs. 35 to 38. 

Fig. 35 is a perspective view illustrating an LED mounting 
module relating to the fourteenth modification example. 

As shown in Fig. 35, an LED mounting module 900 relating 
to the fourteenth modification example is constituted by a 
printed wiring board 910 including wiring patterns (not shown 
in Fig, 35) and a plurality of ( 16) reflecting pieces 914 formed 
on a front surface of the printed wiring board 910. 

As clearly seen from Fig. 35, each reflecting piece 914 
has a reflecting hole 916 in ±ts center. In other words, one 
reflecting piece 914 has one reflecting hole 916 . The reflecting 
hole 916 is tapered from a front side of the reflecting piece 
914 (which faces away from the printed wiring board 910) toward 
the printed wiring board 910, as ±n the first to fourth embodiments 
and first to thirteenth modification examples. 

The reflecting piece 914 is formed on the printed wiring 
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board 910 in the same manner as in the tliird and fourth embodiments 
and the like. Specif ically speaking^ amold to form the reflecting 
pieces 914 is appropriately placed on the printed wiring board 
910. Subsequently, a liquid (thermoplastic or thermosetting) 
resin material is injected into the mold, and then cured. 

Fig. 36A is a perspective view illustrating the mold to 
form the reflecting pieces 914 relating to the fourteenth 
modification example, and Fig. 36B is a cross-sectional view 
illustrating the mold along a plane I shown in Fig. 3 6A in a 
direction shown by the arrows. 

As shown in Fig. 36, a mold 920 is formed like a box, and 
has a base 921 and four side walls 922, 923, 924 and 925 (the 
side wall 925 is not shown in Fig. 36, but used for explanation) , 
similarly to the mold 810 relating to the fourth embodiment. 

An internal space of the box-li-ke mold 920 is divided into 
16 sub-spaces, in total, by horizontal and vertical walls that 
extend, in horizontal and vertical directions (see X and Y 
directions in Fig. 21A) and the side walls 922, 923, 924 and 
925. In substantially the center of each sub-space, a protrusion 
928 is provided on the base 921, to form the reflecting hole 
916 in the reflecting piece 914. A portion in each sub-space 
in which the protrusion 928 is not formed is a formation space 
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929 to form the reflecting piece 914. Note that the protrusion 
928 is tapered from the base 921 to the top of the protrusion 
92 8^ in correspondence with the shape of the reflecting hole 
916. 

5 In each sub-space of the inner space of themold 920 through 

holes 930 connected to the formation space 929 are provided 
in the base 921 around the protrusion 928 . Through these through 
holes 930;. a liquid resinmaterial canbe poured into the formation 
space 929, when the mold 920 is placed on the printed wiring 
10 board 910 to form the reflecting pieces 914. 

Fig. 37 is used to explain the step of forming the reflecting 
pieces 914 relating to the fourteenth modification example. 

The printed wiring board 910 is constituted by wiring 
patterns 913 and an insulation board 912 as shown in (a) in 
15 Fig. 37.' Similarly to the third embodiment, no LED device is 
mounted on the printed wiring board 910. 

Here, in this printed wiring board 910, depressions 911 
are provided at locations where the reflecting pieces 914 are 
to be adhered, in order to realize stronger connection between 
20 the reflecting pieces 914 and the printed wiring board 910. 
TO be specific, when a resin material is injected to form the 
reflecting. pieces 914, the resin material also flows into the 
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depressions 911. In this way, the area at whicti. each reflecting 
piece 914 is adhered to the printed wiring looard 910 can be 
increased. 

When the insulation board 912 is made of a composite 
5 material, containing an alumina filler and an epoxy resin^. for 
example, the depressions 911 can be formed using a drill, a 
laser, or the like, after the epoxy resin is cured. When the 
insulation board 912 is made of a different mateirlal , for example, 
a ceramic material, the depressions 911 are formed in the 
10 following manner. Through holes are formed by blanking or the 
like in a green sheet forming a front surface of the printed 
wiring board 910, and the green sheet is then fired. 

To form the reflecting pieces 914, the printed wiring board 
910 is kept in a predetermined state, for example, horizontally 
15 kept. After this, the mold 920 is placed on the front (upper) 
surface of the printed wiring board 910 in siach a manner that 
the base 921 faces away from the front surface of the printed 
wiring board 910, as shown in (a) in Fig. 37. 

Subsequently, a liquid thermosetting r*esin material is 
20 dropped onto the base 921 of the mold 920, to be injected into 
the formation space 929 through the through holes 930. The 
thermosetting resin material is the same as that used in the 
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fourth embodiment, and is dropped and injected in the same manner 
as in the fourth embodiment. 

When the formation space 929 is filled with the 
thermosetting resin material to a certain extent, the 
thermosetting resin material left on the base 921 of the mold 
920 is put into the mold 920 through the through holes 930 by 
using a squeezee, for example. Thus, the formation space 929 
is completely filled with the thermosetting resin material (see 
Fig. 32) . 

After the thermosetting resin material in the formation 
space 929 is heated, to be cured, the mold 920 is removed. In 
this way, preliminary reflecting pieces 914a, which are to be 
formed into the reflecting pieces 914, are formed on the front 
surface of the printed wiring board 910, as shown in (b) in 
Fig. 37. 'Here, the preliminary reflectingpieces 914a are adhered 
to the front surface of the printed wiring board. 910, as well 
as formed. 

Fig. 38 is a perspective view illustrating the printed 
wiring board 910 on which the preliminary reflecting pieces 
914a are formed. 

As shown in Fig. 38, a top surface (an end surface which 
faces away from the printed wiring board 910) of each preliminary 

83 



wo 2005/093862 



PCT/JP2005/005603 



reflecting piece 914a includes projections 914b, due to the 
resin material filling the through holes 930 in the mold 920. 

Following this, a step of removing the projections 914b 
of the preliminary reflecting piece 914a is performed. In "this 

5 step, the projections 914b are removed by grinding, forexamp>le, 
using a grinding stone or the like. Thus, the preliminary 
reflecting pieces 914a have an even height. 

As shown in Fig. 37, the depressions 911 are provided at 
locations, in the printed wiring board 910, where the reflect:ing 

10 pieces 914 are to be formed. The resin material to foria the 
reflecting pieces 914 also flows into the depressions 913_, to 
form portions 915a. Here, the portions 915a are'adhered to the 
reflecting pieces 914. This can achieve stronger connection 
between the reflecting pieces 914 and the printed wiring board 

15 910. 

According to the fourteenth modification example, the 
reflecting pieces 914 are formed on the printed wiring board 
910 before the LED devices are mounted- However, the reflecting 
pieces 914 can be formed in' the same manner as in the fourth 
20 embodiment, where the reflecting board is formed on the prd_nted 
wiring board 123, on which the LED devices 110 have aliready 
been mounted. 
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The following describes a fifteenth modification example , 
where separate reflecting pieces are formed on a printed wiring 
board, on which LED devices have already been mounted. 

Fig. 39 is a cross-sectional view illustrating a mold, 
relating to the fifteenth modification example and a printed 
wiring board, when the mold is placed on the printed wiring 
board. 

As shown in Fig. 39, a printed wiring board 960 is 
constituted by an insulation board 962 and wiring patterns 963 . 
Here, the LED devices 110 have already been mounted on the printed 
wiring board 960. Therefore, a depression 981 large enough to 
house the LED device 110 therein is formed in a protrusion 97 8 
in a mold 950 relating to the fifteenth modification example, 
similarly to the protrusion. 816 in the mold 810 relating to 
the fourth embodiment. By placing the mold 950 on the printed 
wiring board 960, a formation space 97 9 to form reflecting pieces 
is defined between the mold 950 and the printed wiring board 
960. 

Because of themold 950 having this configuration, separate 
reflecting pieces can be formed on the printed wiring boaird 
960 on which the LED devices 110 have already been mounted. . 

Depressions 9 61 are provided in the insulation board 9 62 , 
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as in the fourteenth modification example. Here^ the fifteenth 
modification example can be realized without the depressions 
961. However, the depressions 961 can achieve stronger 
connection between the reflecting pieces and the printed wiring 

5 board 960, as mentioned above. 

2. CONDITIONS UNDER WHICH REFLECTING BOARD OR PIECES ARE FORMED 
The above description of the third and fourth embodiments 
and the eleventh to fifteenth modification examples does not 
particularly mention the conditions under which the reflecting 

10 member (indicating the reflecting board and pieces) is formed. 
The reflecting member is preferably formed under vacuum. In 
this way, air in the liquid resin material to form the reflecting 
member can be evacuated, and fewer voids are created in the 
completed reflecting member. An appropriate degree of vacuum 

15 varies depending on the viscosity of the liquid resin material, 
the shape of the reflecting member, the shape of the reflecting 
holes, and therefore needs to be determinedbased on experiments 
and the like. Generally speaking, however, a favorable 
reflecting member can be obtained under vacuum of 100 (Pa) or 

20 less. 

(5) FLASH OBSERVED DURING PROCESS OF FORMING REFLECTING MEMBER 
The above description of the third and fourth embodiments 
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and the eleventh to fifteenth modification examples does not 
particularly mention how to remove flash created due to the 
gap between the mold and the printed wird-ng board during the 
step of forming the reflecting member. Sucln flash can be removed 
by gridblasting (sandblasting), for example, in which particles 
are forcibly sprayed. 

The particles used in sandblasting include particles of 
glass, silicone, phenol, nylon, polycarbonate, melanin, urea, 
polyester, and the like. An average pariiicle diameter is 
preferably 0.05 mm to 3 . 0 mm approximately, and the pressure 
at which the particles are sprayed is appir opriately determined 
based on factors such as the thickness of the flash. 
<FURTHER MODIFICATIONS> 

The present invention is described i/\^ith reference to the 
first to fourth embodiments and the first to fifteenth 
modification examples based thereon, but not limited to those. 
The present invention further includes the following 
modification examples . 
(1) INSULATION BOARD 

According to the first to fourth embodiments, the 
insulation board constituting the printed wiring board is made 
of a ceramic material or a composite rua.terial containing an 
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aluitiina filler and an epoxy resin^. but can be made of a different 
material. For example, an alumina filler may be replaced with 
a different inorganic filler such as Si02 and AIN, and an epoxy 
resin can be replaced with a different thermosetting resin such 
5 as a bismaleimide-triazine (BT) resin. 

In addition, the insulation board may be made of a 
thermosetting resin material, containing a thermosetting resin 
such as an epoxy resin and a BT resin, and a glass fiber. 

Note that the resin materials mentioned in the present 
10 description indicate a resin material containing an epoxy resin, 
a BT resin, or the like principally, and a different component 
additionally . 
(2) WIRING PATTERNS 

According to the first embodiment, the wiring patterns 
15 124 are' formed by printing and firing the conductive paste. 
According to the second embodiment, the wiring patterns 32 4 
and 325 are formed by photolithography - 

However, the wiring patterns can be formed using a 
different method, which is presented in the following as an 
20 example. The front surface of the insulation board is masked 
except for a part in which the wiring patterns are to be formed. 
After this, a metal film made of nickel, platinum, gold, silver. 
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copper, palladium, or the like is formed by sputtering, 
deposition or the like, thereby acquiring the wiring patterns 
formed by the metal film. 

(3) THE NUMBER OF LED DEVICES 

5 According to the first to fourth embodiments, the LED 

devices are arranged in a matrix of 4 x 4. However, the present 
invention is not limited to such. Furthermore, in a case where 
separate reflecting pieces are respectively provided for the 
LED devices, the number and arrangement of the reflecting pieces 
10 vary in accordance with the change in the number and arrangement 
of the LED devices. 

(4) REFLECTING MEMBER 

According to the eighth, ninth and f ourteenthmodif ication 
examples, the separate reflecting pieces (514, 534 and 914) 
15 are provided in a one-to-one correspondence with the LED devices 
110. 

However, it is also possible to use a reflecting piece 
corresponding to a predetermined number of LED devices, out 
of all the LED devices. Which is to say, multiple reflecting 
20 pieces each of which has a predetermined number of reflecting 
holes may be separately formed on the printed wiring board. 
Specifically speaking, four reflecting pieces each having four 
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reflecting holes can be formed, for example. 

Furthermore, there is no limitation to the number of 
reflecting holes (516, 536 and 916) in each reflecting piece 
(514, . 534 and 914) , In detail, the number of reflecting holes 
(516, 536 and 916) may be the same or different in each of the 
reflecting pieces (514, 534 and 914) . Alternatively, the 
reflecting pieces (514, 534 and 914) may be grouped depending 
on the number of reflecting holes (516, 536 and 916) therein. 
Furthermore, the shape of the reflecting hole (516, 536 and 
916) may be the same or different in each of the reflecting 
pieces (514, 534 and 914) . Alternatively, the reflecting pieces 
(514, 534 and 914) may be grouped depending on their shape. 

The separate reflecting pieces (514, 534 and 914) have 
an advantage that less distortion is caused in the reflecting 
member a'nd the printed wiring board by heat, when compared with 
the reflecting board 12 6 relating to the first embodiment, for 
example . Such distortion is caused due to a difference in thermal 
expansion coefficient between materials forming the reflecting 
member and the printed wiring board. 
(5) OTHER MATTERS 

According to the first to fourth embodiments, the wall 
of the reflecting hole is expressed by a substantially straight 
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line in the cross-section of the reflecting board;, when seen 
in a direction perpendicular to the cross-section. However, 
the present invention is not limited to such. As an alternative 
example, in its cross-section, the wall may be expressed by 
5 a curved line such as a parabolic line, and a part of an ellipse 
(including a circle) . This modification can be easily realized 
by using a mold with protrusions which each have a curved external 
surface, in terms of its cross-section. Here, it is preferable 
that the protrusions have a smaller diameter at its top than 

10 at its base, considering that the half-cured reflecting board 
is taken out of the mold. 

According to the second embodiment, the reflecting board 
and the printed wiring board are made of the same resin (an 
epoxy resin) . However, the reflecting board and the printed 

15 wiring board can be made of different resins . Note that, however, 
the same resin can achieve stronger connection between the 
reflecting board and the printed wiring board. 

When the printed wiring board is made up by a plurality 
of layers as in the second embodiment, for example, at least 

20 a front layer, that is to say, a layer in contact with the 
reflecting board, is preferably made *^of the same resin as the 
reflecting board. 
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The above description is made under assumption that the 
LED mounting modules are used in a lighting apparatus. However, 
the LED mounting modules can be also used in a display apparatus 
which achieves display of information by selectively causing 
a plurality of LED devices to emit light, that is to say, a 
display apparatus in which each light emitting device is counted 
as one dot. 

The above embodiments and modification examples uase the 
LED devices for light emitting devices, but can also use dif f erent 
types of semiconductor light emitting devices such as laser 
diodes . 

The first to fourth embodiments, the first to fifteenth 
modification examples, and the modification examples des cribed 
in this section may be freely combined. 

This application is based on applications No. 2004 —93896 
and No. 2005-64801 filed in Japan, the content of which is Daereby * 
incorporated by reference . 

INDUSTRIAL APPLICABILITY 

The present invention can provide an LED mounting module 
which can achieve favorable light extraction efficiency wdLthout 
increasing a cost. 
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